Ictal EEG remains the prominent predictor of seizure-free outcome after temporal lobectomy in epileptic patients with normal brain MRI  by Tatum, William O. et al.
Ictal EEG remains the prominent predictor of
seizure-free outcome after temporal lobectomy
in epileptic patients with normal brain MRI§
William O. Tatum IVa,*, Selim R. Benbadis a, Aatif Hussain c,
Sam Al-Saadi a, Brett Kaminski, Leanne S. Heriaud d, Fernando L. Vale b
Seizure (2008) 17, 631—636
www.elsevier.com/locate/yseizaDepartment of Neurology, University of South Florida, Tampa, FL, United States
bDepartment of Neurosurgery, University of South Florida, Tampa, FL, United States
cDepartment of Medicine (Neurology), Duke University Medical Center, Durham, NC, United States
dTampa General Hospital Epilepsy Center, Tampa, FL, United States
Received 7 March 2007; received in revised form 25 October 2007; accepted 11 April 2008
KEYWORDS
Ictal EEG;
Predictor;
Lobectomy;
Normal MRI;
Intractable epilepsy
Summary
Purpose: While an abnormal pre-operative high-resolution brain MRI portends a
favorable outcome in patients undergoing resective epilepsy surgery for medically
intractable localization-related epilepsy (LRE), a normal MRI is less favorable.
Ascertaining desirable pre-operative predictors for successful anterior temporal
lobectomy (ATL) in LRE patients with a normal brain MRI is essential to better
anticipate surgical outcome.
Methods: Patients with LRE and normal temporal structures on MRI underwent ATL at
two epilepsy centers in the southeastern US (FL and NC). Outcome was separated
into those patients that were seizure free (SF), and those that were not seizure free
(NSF), and those NSF were stratified in accordance with the Engel classification
system. Those with a pre-operative history of clinical risk factors, unilateral anterior
temporal interictal epileptiform discharges (IEDs), well localized scalp ictal EEG with
rhythmic temporal theta at onset, localized PET/ictal SPECT, and Wada asymmetry
with >2.5/8, were evaluated for the purpose of predicting outcome. Where appro-
priate, data is presented as a median (mean  S.D.).
Results: Thirty-nine patients, median age 33 years, were followed up 2 years
(3  1.2) after ATL. Overall, 22/39 (56.4%) patients were identified as SF, and
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was the only predictive measure of seizure-free outcome ( p = 0.001, Fisher’s exact
test), and also favorably correlated with seizure reduction ( p = 0.0001, r2 = 0.34,
multiple regression analysis). None of the other predictors examined added greater
predictive value.
Conclusions: ATL is a favorable option for patients with LRE even when high-resolu-
tion brain MRI reveals normal temporal structures. Normal brain MRI patients with
localizing pre-operative scalp ictal EEG, have better outcomes following ATL.
# 2008 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.Introduction
Temporal lobe epilepsy remains the most common
source of complex partial seizures in adults with
medically intractable localization-related epilepsy
(LRE).1—3 Mesial temporal sclerosis is the most com-
mon pathology, and can be readily visualized on
high-resolution brain MRI. Therefore brain MRI is
critical in the pre-surgical evaluation process of
patients with LRE.4,5 However, brain MRI may be
normal in up to one-third of the patients undergoing
anterior temporal lobectomy (ATL) for LRE.6—8
Temporal lobectomy has proven to be a more
favorable treatment for intractable partial-onset
seizures than continued medical management.9
An abnormal MRI is more predictive of a SF outcome
for temporal lobectomy in LRE.9—11 Single-center
reports of temporal lobectomies that have been
performed in patients with intractable LRE and
normal pre-operative brain MRIs, have demon-
strated the potential for a seizure-free out-
come.12,13
The pre-operative evaluation for anterior tem-
poral lobectomy begins by addressing clinical risk
factors during historical review in addition to the
lateralizing features associated with the ictal semi-
ology. Pre-operative ancillary testing routinely
include adjunctive studies that help localize the
epileptogenic zone. In addition to a high-resolution
brain MRI, the pre-surgical evaluation includes
interictal EEG, ictal EEG during video-EEG monitor-
ing, PETand ictal SPECTscanning, andWADA testing.
Following ATL, most seizure recurrences that occur,
do so after 6 months following surgery.14 Therefore,Table 1 MRI protocol GE 1.5T LX HORIZON Version 9.1
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3D fspgr-IR preped cor 14 6 600at least 1 year follow-up of patients would be
necessary to determine the success of the predictive
parameters.
This dual center study was undertaken to further
examine possible predictors of a seizure-free out-
come after ATL in patients with intractable LRE and
normal pre-operative high-resolution brain MRI. The
benefit of temporal lobectomy in patients with LRE
and normal brain MRI have been controversial.8,13,15
Thus far, individual center data has been reported,
and thus we report our dual center study assessing
multiple pre-operative predictors.Methods
In two southeastern US tertiary-care epilepsy cen-
ters, 253 post-ATL patients from Tampa, FL (2000—
2007) and 27 post-ATL patients from Durham, NC
(2003—2004) were evaluated retrospectively. The
patients selected all had medically intractable LRE
determined to reflect temporal lobe epilepsy. All
patients had normal mesial temporal structures
including no asymmetries of the amygdala and hip-
pocampus by utilizing high-resolution MRI with a
dedicated epilepsy protocol (see Table 1). The ulti-
mate designation as a ‘‘normal’’ high-resolution
brain MRI was based upon the final result obtained
from the surgical decision-making, multi-disciplin-
ary, assessment of the neuroradiogaphic findings
judged to be normal not only by neuroradiology,
but also by neurosurgery and epileptology services.
All patients were evaluated following a minimum of
1 year after ATL.Flip Thickness Matrix Nex
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detailed according to the classification system by
Engel. Parameters evaluated included institution at
which the surgery was undertaken, a clinical assess-
ment of TLE risk factors, PET brain scan, the pre-
sence of unilateral (>90%) anterior temporal
interictal epileptiform discharges, reproducible
ictal EEG with rhythmic ictal temporal theta dis-
charges at onset, and a significantly asymmetric
Wada test result. Temporal interictal epileptiform
discharges that were lateralized >90% to a single
temporal lobe was selected to ensure a lateralized
discharge that has been previously identified as a
favorable pre-operative predictor of SF outcome in
the surgical treatment of epilepsy.16 Clinical assess-
ment was focused upon sites that presented specific
risks for mesial temporal lobe epilepsy and were
noted if the patient had a history of childhood
febrile convulsions, psychic aura, ictal fear, or the
presence of complex partial seizures only without
generalized tonic—clonic seizures (10*). When a PET
scan was unobtainable, normal or non-localized to
the site of presumed epileptogenicity, an ictal
SPECTwas attempted. In the event that both tech-
niques were obtained, if an ictal SPECT was avail-
able, it was more heavily weighted than PETwhen a
clear regional hyperperfusion was present. Patients
who required intracranial electrodes for localiza-
tion were examined separately.Statistical analysis
Data were stored in Microsoft Excel (Microsoft
Corp., Redmond, WA) files. Statistical analysis uti-
lized Graphpad Instat version 3.06 (Graphpad Soft-
ware Inc., San Diego, CA). Comparison of data was
done using Fisher’s exact test or Chi-square test for
independence when Fisher’s exact test was inap-
propriate. Where appropriate, data are presented
as median, mean  standard deviation (S.D.) and
compared using Mann—Whitney test. Pre-operative
predictors of outcome were correlated to the sur-
gical outcome using linear multiple regression ana-
lysis. The multiple regression predictors included
ictal EEG localization, interictal epileptiform dis-Table 2 Patient demographics
Seizure free (n = 22
Gender 45.5% M, 54.5% F
Age (years) 36.0 (34.5  10.4)
Duration of symptoms (years) 10.0 (13.2  12.3)
Follow-up duration (years) 2.5 (2.7  1.30)
Intracranial electrodes 18.2%
Lobectomy side 45.5% (right)charge localization*, WADA test, clinical history,
PET/SPECT scan localization and correlated them
to the surgical outcome (seizure-freedom). The
predictors that did not correlate significantly were
dropped from the multiple regression analysis until
only significant predictors were included.Results
Thirty-nine patients that underwent ATL were retro-
spectively identified to have had normal high-reso-
lution brain MRI pre-operatively. The patients were
composed of 62% females, and 38% males, with a
median age of 33 years (33.8  10.9) (Table 2).
Twenty-two of the 39 (56.4%) patients were identi-
fied as SF and 17/39 (43.6%) were NSF. The largest
sample of patients was obtained from the 1st center
comprising 82% of the SF patients and 88% of those
patients that were NSF. Right temporal lobectomy
represented 45.5% of the SF patients versus 35.3% of
those NSF (Table 2). Intracranial electrodes were
required prior to excisional surgery in 18.2% of the
SF patients and in 23.5% of the NSF patients
(Table 2).
Two patients were found to be class IV. One of the
NSF patients had psychogenic non-epileptic seizures
post-operatively, and therefore an accurate out-
come classification could not be determined. One
SF patient had undergone a co-incidental parietal
craniotomy for a meningioma following seizure
onset and was independent of her seizures. Three
NSF patients had repeated temporal lobe resec-
tions.
Of the SF patients, 81.9% had a PET scan, 13.6%
had an ictal SPECT scan performed and 4.5% had
neither (Table 3). All of the patients that were NSF
had either a PET scan (88.2%) or an ictal SPECT scan
(11.8%) pre-operatively. Wada testing was per-
formed on 90.9% of the seizure-free patients, and
88.2% of the not seizure-free patients. Only the ictal
EEG was significantly different between those SF
and NSF patients (p = 0.001, Fisher’s exact test)
(Table 3).
Using a step-wise linear multiple regression ana-
lysis, parameters including the institution at which) Not seizure free (n = 17) p-Value
29.4% M, 70.6% F 0.34
33.5 (35.1  12.6) 0.89
14.0 (16.3  9.2) 0.18
2.0 (2.4  1.11) 0.65
23.5% 0.71
35.3% (right) 0.74
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Table 3 Pre-operative predictors
Seizure free
(n = 22) (%)
Not seizure free
(n = 17) (%)
p-Value
Pre-op PET/SPECT localization Positive 68.2 76.5 0.63
Negative 27.3 23.5
Not tested 4.5 0.0
Pre-op ictal EEG localization Positive 90.9 41.2 0.001*
Negative 9.1 58.8
Pre-op interictal EEG localization Positive 72.7 64.7 0.73
Negative 27.3 35.3
Pre-op WADA asymmetry Positive 40.9 29.4 0.77
Negative 50.0 58.8
Not tested 9.1 11.8
Pre-op clinical history Positive 27.3 35.3 0.73
Negative 72.7 64.7
Medical institution Institution 1 83.3 89.5 0.67
Institution 2 16.7 10.5
* Significantly different between seizure free and not seizure free using Fisher’s exact test.the operation was undertaken, clinical assessment
of TLE risk factors, PET brain scan, the presence of
unilateral (>90%) anterior temporal interictal epi-
leptiform discharges, reproducible ictal EEG with
rhythmic ictal temporal theta discharges at onset,
and a significantly asymmetric Wada test were cor-
related against post-operative seizure outcome.
Only ictal EEG localization was significantly corre-
lated with a SF outcome ( p = 0.0005, r2 = 0.29)
(Fig. 1).Discussion
Temporal lobectomy remains a favorable therapeu-
tic option for patients with intractable temporal
epilepsy despite a normal pre-operative high-reso-
lution brain MRI. While 3-T imaging may help rede-
fine how ‘‘normal’’ is interpreted, our study used a
dedicated epilepsy protocol that is currently the
most widely employed technique for patients thatFigure 1 Pre-operative ictal EEG localization vs. patient
outcome.undergo resective epilepsy surgery (10). More than
50% of the patients were SF after temporal lobect-
omy and these results compare favorably with prior
reports from other centers.13,17,18
With the exception of ictal EEGs, the pre-opera-
tive assessment in patients with a normal high-
resolution brain MRI and intractable temporal epi-
lepsy remains restricted to ictal EEG. In our study, a
pre-operative localizing ictal EEG manifest as rhyth-
mic ictal theta at seizure onset has proven to be a
reliable predictor of seizure reduction following
temporal lobectomy in LRE patients with a normal
high-resolution brain MRI. This agrees with other
single-center studies that have found the utility of
ictal EEG.17,19 Still, other studies disagree that the
ictal EEG is a predictive tool when the brain MRI is
normal.20 However, when the ictal EEG is manifest
as rhythmic temporal theta at onset, this has cor-
related with mesial temporal lobe onset and may
help explain why this subset demonstrated a favor-
able outcome despite normal neuroimaging of the
temporal lobe structures.21
Medial temporal lobe epilepsy is the most com-
mon form of localization-related epilepsy in adults.
Anterior temporal interictal epileptiform discharges
are the most consistent interictal feature on EEG
and carry a heightened predisposition for the
expression of complex partial seizures of temporal
lobe origin.22 One-third of patients have bilateral
interictal epileptiform discharges that occur maxi-
mally in non-REM sleep.23
Interictal anterior temporal epileptiform dis-
charges on scalp EEG have been used as an indicator
of temporal lobe epilepsy, and may reflect the
pathophysiology of the underlying substrate.24 In
IIctal EEG predicts outcome after temporal lobectomy 635our study, epileptiform discharges of >90% on inter-
ictal EEG were not found to be a reliable indicator of
a SF outcome following temporal lobectomy in
agreement with other outcome studies in patients
with LRE and normal pre-operative brain MRI.19,25
One smaller study from the UK evaluating the inter-
ictal EEGs of a smaller patient population concluded
other predictors are necessary for favorable surgical
outcome25 though this was not found in the current
study on multiple regression analysis. A second
smaller study examined the outcome predictors of
LRE patients with normal pre-operative MRI and
drew conclusions similar to our own that ictal EEG
was a favorable outcome predictor.11 In counter
distinction, they found benefit by combining loca-
lizing interictal and ictal EEG to predict outcome.11
Our results demonstrated no added predictive value
by combining ictal with localizing interictal EEGs (or
other variables such as PET or Wada). These differ-
ences may be due to our larger sample size and
combined results from two centers.
Both rCMR (PET) and rCBF (SPECT) are techniques
of functional neuroimaging that allow visualization
of rCMR and have similar sensitivities and specifi-
cities relative to seizure lateralizing capability.26,27
PETwas selected as the initial functional measure of
rCBF due to its greater ease of interictal acquisition,
and established reliability in sensitivity and speci-
ficity for pre-surgical evaluations in epilepsy.26 PET
(SPECT) scans have had some successes in the past in
predicting the location of the epiletogenic zone,
though the predictive role of a pre-operative brain
PETwith a normal high-resolution brain MRI has thus
far received little attention.27,28 We found no pre-
dictive value to localize the epileptogenic zone in
those patients who were seizure free following ATL
that had been noted to have a normal high-resolu-
tion brain MRI pre-operatively.
Childhood febrile convulsions,29 psychic auras30
or ictal fear,31 and complex partial seizures without
generalized tonic—clonic seizures10 are risk factors
that have been associated with TLE. While auras are
a common manifestation of LRE, other auras and
multiple auras were not assessed in the present
study due to the more limited specificity relative
to outcome. Ictal semiology is important in pre-
operative localization, yet it was not included in
our analysis because of the possibility of introducing
a subjective misrepresentation over multiple cap-
tured seizures with varying degrees of manifesta-
tions. In our cohort, we found that the clinical risks
were collectively not a predictor of outcome.
Recently, a large multi-center study, which did
not exclude patients with abnormal MRIs, also found
no predictor value for clinical history when a history
of CPS only was excluded.10The Wada test is routinely used as a predictor of
memory loss after temporal lobectomy.32 One study
found the Wada test limited in the ability to predict
favorable outcome post-temporal lobectomy.33
Patients were selected for intracranial electrodes
as well as Wada testing following a multi-disciplin-
ary surgical planning conference. Wada was not
utilized when it was felt to be unlikely to change
the consequences of a resection for an individual
patient. Given prior limitation of Wada/repeat
Wada, this study was not performed at both centers
in every case.34 With a normal brain MRI, our study
did not support the Wada test as an independent
predictor for a SF outcome for temporal lobectomy
on LRE patients.
Limitations of this study include the relatively
small number of patients included in the analysis.
Furthermore, post-operative pathology was not
helpful in confirming localization, and therefore,
pathology was not additive. However, most patho-
logical results of ‘‘non-specific gliosis’’ from the
largest cohort would have had little bearing as a
pre-operative predictor which was the focus of this
study. Due to the disproportionate difference in
sample sizes between the number of patients sub-
mitted from the two centers, no institutional com-
parative analysis could be drawn.Conclusions
In this dual centered study we examined multiple,
commonly used, pre-surgical testing parameters
and found that surface-based ictal EEG was the best
predictor of a SF outcome following ATL in patients
with medically intractable LRE and normal pre-
operative high-resolution brain MRI. With more than
half of the patients demonstrating a SF outcome,
anterior-medial temporal lobectomy remains a
favorable therapeutic option for these patients.
Furthermore, multi-centered studies comparing
and contrasting results of ATL in patients with nor-
mal pre-operative brain MRI are warranted to deter-
mine reproducibility of these results from one
surgical experience to another.References
1. Shneker BF, Fountain NB. Epilepsy. Dis Mon 2003;49:426—78.
2. Gastaut H, Gastaut JL, Goncalves e Silva GE, Fernandez
Sanchez GR. Relative frequency of different types of epi-
lepsy: a study employing the classification of the Interna-
tional League Against Epilepsy. Epilepsia 1975;16:457—61.
3. Labate A, Ventura P, Gambardella A, Le Piane E, Colosimo E,
Leggio U, et al. MRI evidence of mesial temporal sclerosis
in sporadic ‘‘benign’’ temporal lobe epilepsy. Neurology
2006;66:562—5.
636 W.O. Tatum IV et al.4. Kuzniecky R, de la Sayette V, Ethier R, Melanson D, Ander-
mann F, Berkovic S, et al. Magnetic resonance imaging in
temporal lobe epilepsy: pathological correlations. Ann Neu-
rol 1987;22:341—7.
5. Achten E, Boon P, De Poorter J, Calliauw L, Van de Kerckhove
T, De Reuck J, et al. An MR protocol for presurgical evaluation
of patients with complex partial seizures of temporal lobe
origin. AJNR 1995;16:1201—13.
6. McIntosh AM, Wilson SJ, Berkovic SF. Seizure outcome after
temporal lobectomy: current research practice and findings.
Epilepsia 2001;42:1288—307.
7. Radhakrishnan K, So EL, Silbert PL, Jack Jr CR, Cascino GD,
Sharbrough FW, et al. Predictors of outcome of anterior
temporal lobectomy for intractable epilepsy: a multivariate
study. Neurology 1998;51:465—71.
8. Berkovic SF, McIntosh AM, Kalnins RM, Jackson GD, Fabinyi
GC, Brazenor GA, et al. Preoperative MRI predicts outcome of
temporal lobectomy: an actuarial analysis. Neurology
1995;45:1358—63.
9. Wiebe S, Blume WT, Girvin JP, Eliasziw M. A randomized,
controlled trial of surgery for temporal-lobe epilepsy. N Engl
J Med 2001;345:311—8.
10. Spencer SS, Berg AT, Vickrey BG, Sperling MR, Bazil CW,
Shinnar S, et al. Predicting long-term seizure outcome after
resective epilepsy surgery: the multicenter study. Neurology
2005;65:912—8.
11. Sylaja PN, Radhakrishnan K, Kesavadas C, Sarma PS. Seizure
outcome after anterior temporal lobectomy and its predic-
tors in patients with apparent temporal lobe epilepsy and
normal MRI. Epilepsia 2004;45:803—8.
12. Kuzniecky R, Burgard S, Faught E, Morawetz R, Bartolucci A.
Predictive value of magnetic resonance imaging in temporal
lobe epilepsy surgery. Arch Neurol 1993;50:65—9.
13. Alarcon G, Valentin A, Watt C, Selway RP, Lacruz ME, Elwes
RD, et al. Is it worth pursuing surgery for epilepsy in patients
with normal neuroimaging? J Neurol Neurosurg Psychiatry
2006;77:474—80.
14. Yoon HH, Kwon HL, Mattson RH, Spencer DD, Spencer SS.
Long-term seizure outcome in patients initially seizure-free
after resective epilepsy surgery. Neurology 2003;61:445—50.
15. Hennessy MJ, Elwes RD, Binnie CD, Polkey CE. Failed surgery
for epilepsy. A study of persistence and recurrence of sei-
zures following temporal resection. Brain 2000;123(12):
2445—66.
16. Engel Jr J. Recent advances in surgical treatment of temporal
lobe epilepsy. Acta Neurol Scand Suppl 1992;140:71—80.
17. Holmes MD, Born DE, Kutsy RL, Wilensky AJ, Ojemann GA,
Ojemann LM. Outcome after surgery in patients with refrac-
tory temporal lobe epilepsy and normal MRI. Seizure
2000;9:407—11.
18. Engel Jr J. Finally, a randomized, controlled trial of epilepsy
surgery. N Engl J Med 2001;345:365—7.
19. Jeha LE, Najm IM, BingamanWE, Khandwala F,Widdess-Walsh
P, Morris HHN, et al. Predictors of outcome after temporal
lobectomy for the treatment of intractable epilepsy. Neurol-
ogy 2006;66:1938—40.20. Chapman K, Wyllie E, Najm I, Ruggieri P, Bingaman W, Luders
J, et al. Seizure outcome after epilepsy surgery in patients
with normal preoperative MRI. J Neurol Neurosurg Psychiatry
2005;76:710—3.
21. Ebersole JS, Pacia SV. Localization of temporal lobe foci by
ictal EEG patterns. Epilepsia 1996;37:386—99.
22. Williamson PD, French JA, Thadani VM, Kim JH, Novelly RA,
Spencer SS, et al. Characteristics of medial temporal lobe
epilepsy. II. Interictal and ictal scalp electroencephalogra-
phy, neuropsychological testing, neuroimaging, surgical
results, and pathology. Ann Neurol 1993;34:781—7.
23. Chung MY, Walczak TS, Lewis DV, Dawson DV, Radtke R.
Temporal lobectomy and independent bitemporal interictal
activity: what degree of lateralization is sufficient? Epilepsia
1991;32:195—201.
24. Altay EE, Fessler AJ, Gallagher M, Attarian HP, Dehdashti F,
Vahle VJ, et al. Correlation of severity of FDG-PET hypome-
tabolism and interictal regional delta slowing in temporal
lobe epilepsy. Epilepsia 2005;46:573—6.
25. Koutroumanidis M, Hennessy MJ, Seed PT, Elwes RD, Jarosz J,
Morris RG, et al. Significance of interictal bilateral temporal
hypometabolism in temporal lobe epilepsy. Neurology
2000;54:1811—21.
26. Won HJ, Chang KH, Cheon JE, Kim HD, Lee DS, Han MH, et al.
Comparison of MR imaging with PET and ictal SPECT in 118
patients with intractable epilepsy. AJNR 1999;20:593—9.
27. Knowlton RC. The role of FDG-PET, ictal SPECT, and MEG in
the epilepsy surgery evaluation. Epilepsy Behav 2006;8:
91—101.
28. Lamusuo S, Jutila L, Ylinen A, Kalviainen R, Mervaala E,
Haaparanta M, et al. [18F]FDG-PET reveals temporal hypo-
metabolism in patients with temporal lobe epilepsy even
when quantitative MRI and histopathological analysis show
only mild hippocampal damage. Arch Neurol 2001;58:933—9.
29. French JA, Williamson PD, Thadani VM, Darcey TM, Mattson
RH, Spencer SS, et al. Characteristics of medial temporal
lobe epilepsy. I. Results of history and physical examination.
Ann Neurol 1993;34:774—80.
30. Sadler RM, Rahey S. Prescience as an aura of temporal lobe
epilepsy. Epilepsia 2004;45:982—4.
31. Feichtinger M, Pauli E, Schafer I, Eberhardt KW, Tomandl B,
Huk J, et al. Ictal fear in temporal lobe epilepsy: surgical
outcome and focal hippocampal changes revealed by proton
magnetic resonance spectroscopy imaging. Arch Neurol
2001;58:771—7.
32. Sabsevitz DS, Swanson SJ, Morris GL, Mueller WM, Seidenberg
M. Memory outcome after left anterior temporal lobectomy
in patients with expected and reversed Wada memory asym-
metry scores. Epilepsia 2001;42:1408—15.
33. Kirsch HE, Walker JA, Winstanley FS, Hendrickson R, Wong ST,
Barbaro NM, et al. Limitations of Wadamemory asymmetry as
a predictor of outcomes after temporal lobectomy. Neurol-
ogy 2005;65:676—80.
34. Haber AH, Vassallo JL, Tatum WO, Benbadis SR. Repeated
intracarotid amobarbital tests. Epilepsia 2007;48:1815—
1816;. (author reply 1816-1817).
